Cleft palate in the absence of a cleft lip is commonly regarded as etiologically distinct from cleft lip with or without cleft palate on the basis of epidemiologic data, separate patterns of the risks of recurrence (1) , and understanding of embryonic palate and lip formation (2) . However, researchers have usually considered cleft lip and palate (CLP) and cleft lip only (CLO) as variants of the same defect, differing only in severity (3) .
Embryologically, a severe defect of the lip can lead to a cleft of the hard palate, which argues for grouping the two as degrees of the same defect. However, there are also reasons why CLO might be distinct from CLP (2) . Cleft lip has its origin as a malformation of the primary palate only, while CLP involves both the primary and secondary palates (4) . Occasionally, a cleft lip can be found with a separated cleft of the soft but not the hard palate, which suggests two different defects (5) . Treatment classifications, geared toward establishing a course of surgery or orthodontics, have always distinguished the two (6) (7) (8) , and postnatal craniofacial growth differs in the two groups (4) .
In the studies that have distinguished CLP from CLO, CLP is usually about twice as common (9) , although some African studies have reported an overall higher prevalence of CLO (2) . The CLP:CLO ratio is higher in regions where the overall prevalence of cleft is high (2) . Generally, other noncleft malformations are more common with CLP than with CLO (10, 11) .
Because most studies have not separated the two (12) (13) (14) , it is not clear to what degree the epidemiologic features of CLP differ from those of CLO. While some groups report a male excess of CLP compared with CLO (2, 9, 15), we know of no systematic comparison of the epidemiologic features of the two types of defects. The objective of this paper is to compare risk factors for CLP with risk factors for CLO in a large, well-defined population.
MATERIALS AND METHODS
Norwegians are assigned a unique identification number at birth. Since 1967, all births in Norway have been required to be reported in the Medical Birth Registry. Care for oral clefts is centralized at two hospitals, Haukeland in Bergen and Rikshospitalet in Oslo; virtually all cases in the country over the last 50 years have been sent to one of these two hospitals for treatment. The registry captures the first week of birth, while hospitalization for the surgery captures all children that require surgery. Theoretically, this process should include 100 percent of the surviving children who stay in the country.
Records were linked by their identification numbers, and analyses were restricted to livebirths. In the Medical Birth Registry, cases of CLO were defined as those corresponding to International Classification of Diseases, Eighth Revision (ICD-8), code 7590, with no concurrent recording of isolated cleft palate (ICD-8, code 7592). Cases of CLP were defined as those corresponding to ICD-8, code 7591. Four spaces are available for recording birth defects; if any of the spaces contained one of these codes, the infant was counted as a case. A CLO case was defined as an infant who had some degree of cleft lip but no cleft palate, while a CLP case was defined as an infant with any degree of both. In 358 instances (13 percent), the birth registry and the hospital records agreed that a cleft was present but disagreed on the type. For these cases, the hospital's classification was used. If the registry reported a cleft lip but the hospital reported cleft palate only (n ¼ 29), the infants were not counted as cases. The other cases for whom the registry reported either CLP or CLO, or both, and the hospital reported neither (n ¼ 285) reflected a mix of infant deaths (n ¼ 120), clefts too minor to require surgery, clefts operated on at another hospital in Norway, children who left the country, and false positives. Since we had no way of distinguishing false positives from the other categories, all of these children were included in the data set as cases.
Concurrent birth defects identified from the birth registry were defined as a birth defect according to ICD-8, codes 7400-7489 and 7493-7599. Cases who had cleft lip with cleft palate were not considered to have a concurrent defect. Concurrent birth defects identified from the hospital records were defined as a birth defect noted in the field labeled ''Other defects or syndrome diagnosis.'' For the purposes of this analysis, a defect recorded by either source was considered an accompanying defect.
Ascertainment was assessed by using capture-recapture methods. These methods use the amount of overlap between cases from the two data sources to estimate the proportion of cases missed by both sources (16) . This method assumes that the sources are independent, which was not applicable in this analysis: a case noted at birth would be more likely to be referred for treatment. When the registry and hospital disagreed on whether a case was CLO or CLP, we included data on the case in analyses of both defects for the purpose of capture-recapture analysis only. We carried out stratified capture-recapture analyses to determine whether ascertainment varied by characteristics of the mother, child, or birthplace.
For the remaining analyses, we combined the two sources of information on clefts to define the case group. We were interested in determining whether facial clefts might be part of a larger picture of subtle fetal growth and development problems, so we examined birth weight and gestational length. The time-trend data were smoothed by using the PROC LOESS procedure in SAS software (SAS Institute, Inc., Cary, North Carolina), with a window of 0.4. All infants had a record in the Medical Birth Registry and so had data on covariates, even if a cleft had not been recorded at birth. Prevalence at birth was stratified by available covariates, including age of the mother and father, sex of the infant, hospital characteristics, region, and mother's marital status. Data were examined by stratified analysis using chi-square tests to test for statistically significant differences. Logistic regression was used to adjust for the effects of several variables.
RESULTS
Overall, 1,572 cases of CLP and 1,122 cases of CLO were reported. A total of 1,239 cases of CLP and 684 cases of CLO were reported by both the hospital and the registry (table 1), while information on the remaining cases was either absent from the other source or reported in the other source as a different defect. When we combined both sources of data, we found that the overall prevalence of cleft lip with or without cleft palate in Norway over the last 30 years was 1.46 per 1,000 livebirths (0.85/1,000 livebirths for CLP and 0.61/1,000 livebirths for CLO).
Both the hospital and the registry recorded an accompanying defect in about twice as high a proportion of CLP infants as in those with CLO: 13 percent versus 6 percent for cases recorded by the hospital, and 10 percent versus 5 percent for cases recorded by the registry. When the two sources were combined, 17 percent (272/1,572) of CLP infants and 9 percent (103/1,122) of CLO infants had at least one other defect.
Overall prevalence of the two defects was fairly constant over time (figure 1). Within this overall flat pattern, in the last decade there has been both an increase in the number of infants with CLP and a decline in those with CLO. Ascertainment for CLP was estimated at 88 percent by the hospital and 79 percent by the registry. For CLO, the ascertainment was somewhat lower: 76 percent by the hospital and 63 percent by the registry. In stratified analysis, ascertainment did not differ by maternal age, marital status, hospital size, or hospital type.
Infants with cleft lip and cleft palate together had a poorer outcome in other respects (table 2). They were more likely to be born preterm and had a lower mean birth weight at term. They also had a higher infant mortality rate (25/1,000 for CLP and 15/1,000 for CLO, p for difference ¼ 0.09). Stratified analysis showed other differences between infants with CLP and CLO (table 3). Boys were at higher risk of both types of defect, but especially CLP (p < 0.001 for difference in pattern between CLP and CLO). In contrast, twins were at increased risk of CLO but not CLP (p ¼ 0.11 for difference in pattern). Risk of CLO was also raised for those whose parents were first cousins (p ¼ 0.07 for difference in pattern). Patterns were generally similar for those cases with and without accompanying defects. The exceptions were that the sex ratio was higher for CLP cases without other defects and for CLO cases with other defects, and that the risk for cases with other defects tended to rise with maternal age. Logistic regression did not reveal any substantially different patterns from those seen in stratified analysis (e.g., results for cases without accompanying defects, table 4).
DISCUSSION
Of the 2,694 infants with a cleft lip, 58 percent (n ¼ 1,572) had CLP and 42 percent (n ¼ 1,122) had CLO. This proportion is consistent with other studies that have distinguished the two types of defects (2). In our data, the prevalence of cleft palate only was 0.8 per 1,000 livebirths, the prevalence of CLO was 0.6 per 1,000, and the prevalence of CLP was 0.9 per 1,000, which underscores the fact that CLP is not just the chance co-occurrence of the two defects. Some of our results support the idea that CLP is simply a more severe version of CLO. For instance, 17 percent of our CLP infants had accompanying defects as opposed to 9 percent of CLO infants. This pattern is similar to that in other studies, although the absolute prevalence in our study was lower (10, 11) . It is also possible that the underlying etiology producing the accompanying noncleft defect also increases susceptibility to more severe CLP (17, 18) . Preterm delivery was more common among infants with CLP. Unlike Jensen et al. (9), we found that CLP infants were lighter at birth than either CLO or noncleft infants. Similarly, while cleft lip infants had higher infant mortality rates overall than other infants did, mortality was especially high among those with an accompanying cleft palate (25/1,000 compared with 15/1,000).
However, other factors suggest a qualitative difference between the two categories of cleft lip (CLP and CLO). We saw a stronger male predominance among CLP than CLO infants, as has been reported in other studies (2, 9, 15). Twins and infants whose parents were first cousins had a stronger risk of CLO than CLP. The association between CLO and first-cousin parents may indicate a genetic mutation or a marker for membership in an ethnic group that practices cousin marriage, or it may be a chance association because the numbers are quite small. The fact that twinning and consanguinity appear to be risk factors for CLO and not for CLP suggests that disease severity is not the sole explanation for the difference between the two phenotypes. However, even for the CLP or CLO cases, multiple causes of the defect are likely.
Statistical evidence (capture-recapture estimates) shows that ascertainment of CLP is better than for CLO. While cleft lip may be underascertained in Norway, the overall rate of cleft lip in Norway is still among the highest in Europe (2). The underlying rates of the defect in Norway may indeed be high, or underascertainment may be even greater in other countries. Some cases were no doubt missed by both sources of information, especially in the earliest years of the registry before surgery was centralized, and the two sources are not independent. However, ascertainment across strata of covariates was similar, suggesting that missed cases did not necessarily produce bias. Our examination of covariates was limited to those variables that were recorded in the birth registry; this limitation precluded examining other variables of interest, such as maternal smoking, mother's medication use, exposure to chemicals, medical conditions, and nutrition during pregnancy. We excluded stillbirths from our results. Stillbirths are unlikely to be selective with regard to isolated CLO and CLP, which are not lethal defects. If an infant with these defects dies before birth, it is almost certainly from other causes, most likely other defects. Therefore, this is probably not a source of bias in this analysis, which was limited to cases without accompanying defects.
Perhaps CLP and CLO have distinct etiologies, at least in some cases. Unless future studies separate the two, it will not be possible to discover the different causal pathways. Whenever feasible, future studies should analyze the two separately to explore further the possibility that some factors may affect the risk of one but not the other. 
